Abstract If equatorial sediments form characteristic deposits around the equator, they may help to resolve the amount of northwards drift of the Pacific tectonic plate. Relevant to this issue, it has been shown that 230 Th has been accumulating on the equatorial seabed faster than its production from radioactive decay in the overlying water column during the Holocene (Marcantonio et al. in Paleoceanography 16:260-267, 2001). Some researchers have argued that this reflects the deposition of particles with adsorbed 230
Introduction
Plate reconstruction models developed assuming that the mean latitudes of the hotspots remain fixed (Wessel and Kroenke 2007) can lead to predictions that are different from those of models based on paleomagnetic estimates of paleolatitude (Beaman et al. 2007 ). The hotspots are well known to move with respect to each other (Koppers et al. 2001; Steinberger 2000) , making a fixed reference frame based on them problematic. There are also differences between different plate models simply because of data uncertainty and varied geographic extents of data used. A significant latitudinal movement of the Hawaiian hotspot before the bend in the Hawaiian-Emperor seamount chain formed is suggested by paleomagnetic data (Doubrovine and Tarduno 2004; Tarduno 2007) . For the period after the bend, however, paleomagnetic data presently do not record paleolatitudes accurately enough to address hotspot motions (Sager 2007) .
At the equator, upwelling of nutrient-rich deep waters and their mixing with warm surface waters lead to high productivity of pelagic organisms, which create thick equatorial deposits on the seabed (Winterer 1973) . Figure 1 (top panels) shows elemental ratios of Al, Ba and P to Ti [derived from a meridional transect of cores at 140°W (Murray et al. 2000a )], which have been used as proxies of export production. The upwelling can be expected to have remained over the equator because of the Coriolis effect deflecting surface Ekman currents with different sense either side of the equator (Wyrtki and Kilonsky 1984) . Previous attempts at constraining Pacific plate motion using equatorial sediments have characterized the broad pattern of sediment accumulation associated with surface productivity (Mitchell 1998a; Moore et al. 2004; Parés and Moore 2005; Suarez and Molnar 1980) . However, though peaking at the equator, particle flux from sediment traps is broadly elevated across *10°of latitude (Fig. 2c; Dymond and Lyle; Honjo et al. 1995) , so the productivity effect, if it were recorded straightforwardly in older sediments, may not necessarily provide an accurate measure of paleolatitude.
A physical movement of particles towards the equator in the deep ocean has been interpreted from sedimentary isotopes. This focusing may reinforce the equatorial productivity effect observed in the sediment trap data, leading to a sharper equatorial signature useful for tectonic studies. 230 Th is produced uniformly in the water column by radioactive decay of 234 U. This isotope is strongly particlereactive and stripped efficiently from the water by adsorption onto sinking particles. Figure 3a (colored circles) shows Holocene ratios of sediment accumulation rate to overlying water-column production of 230 Th (W) from data compiled by Kienast et al. (2007) and McGee et al. (2007) . The high values in the central Pacific have been interpreted Fig. 1 Meridional profiles of (top graphs) elemental ratios and (other graphs) mass accumulation rates (MAR) of Al 2 O 3 , Ba and P 2 O 5 (a-c, respectively). Element ratios are average and standard deviations of measurements from sediment cores at 140°W extending in age to 783-1,045 ky (Murray et al. 2000a ). Geochemical accumulation rates (small solid circles) were mostly derived from bulk sediment concentrations in the drilling reports, multiplied by the mass accumulation rates of the sampled cores (see main text for details).
Data were selected from the age ranges shown in upper-right of each graph. Open circles connected by line show averages every 1°of latitude. Site numbers are shown in the 20-25 Ma graphs. Solid squares in 10-15 and 5-10 Ma graphs show the latitudes of the seismic anomalies H, I and F, G, respectively. Red and blue filled diamond symbols in 10-25 Ma graphs in c show estimates of the data center from fitting Gaussian curves to the data and from a center of mass calculation (these coincide for [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] as caused by the movement of particles towards the equator by bottom currents, a process described as ''sediment focusing'' with W the ''focusing factor'' (Marcantonio et al. 2001) . The exact cause of this effect is unclear, though Mitchell and Huthnance (2013) speculated that bottom Ekman currents, if they exist, would expand at the equator reducing shear stress (Apel 1987) thus generally promoting deposition of particles. (Like with surface Ekman layers, in bottom Ekman layers a deflection of currents by the Coriolis effect varies with speed of the flow, decreasing towards the bed where the current speed must decrease towards zero. That vertical change in current direction is balanced by turbulent shear stresses, but at the equator where there is no Coriolis effect, the Ekman shear stress component should be zero.) If that explanation is correct, it also implies a link to the Coriolis effect and hence to the geographic equator. As the high W-values occur over only a limited range of latitude and appear centered on the equator Siddall et al. 2008; Fig. 3a) , any physical movement of particles to the equator may be expected to have reinforced the effect of enhanced surface productivity. The geochemical proxies of surface productivity (Murray et al. 2000a, b; Paytan et al. 1996 ) also seem to be somewhat more sharply peaked at the equator than fluxes derived from sediment traps (Fig. 2c; Dymond and Lyle 1994; Honjo et al. 1995) , potentially a result of some physical movement of particles.
This interpretation of the 230 Th data has been controversial, however, with some researchers arguing that Wvalues are also affected by grain-size effects (preferential absorption of Th onto clay particles meaning that the Wvalues represent mainly transport of fines), local sediment redistribution (winnowing over a hill will reduce deposition rates and conversely preferential accumulation in a valley will increase deposition rates), leakage of 230 Th from seabed sediment by expelled pore waters and a particle flux effect whereby rapid stripping of 230 Th by sinking particles is compensated by isopycnal diffusion of waterborne 230 Th from outside the equatorial zone (Broecker 2008; Lyle et al. 2005 Lyle et al. , 2007 Siddall et al. 2008; Thomas et al. 2000) . These effects were re-evaluated in Mitchell and Huthnance (2013) . High equatorial W-values were shown to remain after screening out sites likely to have been affected by local sediment redistribution (removing sites next to seamounts, for example). They also showed that the particle flux effect is unlikely to explain the high equatorial W-values because particle fluxes in sediment traps (Honjo et al. 2008 ) are elevated over a broader latitude extent (*10°) than the elevated W-values. Leakage of Th measurements in sediment cores compiled as described by Mitchell and Huthnance (2013) from data of Kienast et al. (2007) , Siddall et al. (2008) and McGee et al. (2007) for the region 145°-109°W. Open circles are data from sites next to seamounts or other features where accumulation rates may have been affected by varied flow. Large circles connected by dashed line are 1°-averages of the remaining data (solid circles) centered on 0°and 1°. Uncertainty bars on left were derived from data in McGee et al. (2007) and scale with W.
b LSR computed (Mitchell and Huthnance 2013) from the highresolution timescale of Shackleton et al. (1995) for the ODP Leg 138 sites (site numbers and water depths (m) are marked above and below, respectively). Each open circle is an average sedimentation rate for 100-ky-intervals to 1 Ma. Solid circles are the values for the period 0-100 ka. For each 100 ky period, values have been normalized to the peak value at Site 849 (equator), i.e., LSR for each site is shown as a ratio to the corresponding LSR for 849. c Carbonate fluxes from sediment trap studies (Dymond and Lyle 1994; Honjo et al. 1995) 230 Th from sediments is also considered unlikely because elevated 230 Th in bottom waters is rare in abyssal plain locations ). Nevertheless, the possibility that elevated equatorial W-values represent focusing of fine particles rather than bulk sediment has not been ruled out by these arguments, so whether equatorial (Mitchell 1998a ) overlain with orientations of furrows and drifts (white bars) interpreted from multibeam echo-sounder data (Mitchell and Huthnance 2013) . Bold line is track of RV Revelle during cruise AMAT03RR. (Offsets of furrow orientations interpreted from these lines are due to the binning procedure used to average multiple orientations.) Color-filled circles are values of W ( 230 Th-based ''focusing factor'') for the Holocene reported by Kienast et al. (2007) . b Scientific drilling sites referred to in this study overlain on bathymetry. Bold and dashed lines are tracks of RV Revelle during cruise AMAT03RR and RV Ewing during cruise EW9709, respectively. Highlighted segments of Revelle track numbered 1-5 and Ewing track numbered M1 and M2 refer to seismic transects discussed in the text. (Clipperton FZ is the Clipperton Fracture Zone) bulk sediment accumulation rates would be enhanced by focusing has been unclear.
We have sought evidence for enhanced equatorial accumulation rates in a variety of seismic reflection and scientific drilling data. Sediment thickness intervals interpreted from the seismic data, as used here, represent long periods of deposition (several millions of years), but nevertheless provide spatially continuous measurements across the equator. Data from individual cores are noisy so the spatial coverage of the seismic data is useful in helping to overcome variability. Varied carbonate dissolution with depth along these lines could potentially distort the equatorial deposits, shifting the deposit maximum thickness away from the equator (Mitchell et al. 2003) , so we assess these data along with bathymetric gradients and carbonate contents. We have also attempted to interpret bulk accumulation rates using data compiled for the scientific drilling sites shown in Figure 3b by Pälike et al. (2012) . Unfortunately, fluctuations due to productivity, dissolution and local effects dominate so that equatorial anomalies are difficult to interpret from those data. However, eolian dust records are less affected by dissolution. Using data from Hovan (1995) , accumulation rates of dust at the present equator appear to deviate from trends expected from sites farther away, potentially recording intervals of equatorial focusing. Geochemical proxies of export production (Al 2 O 3 , Ba and P 2 O 5 ) are also compiled from various scientific drilling cores and show trends with age that support one set of the plate models considered here. Figure 2a shows the focusing factors ''W'' representing the ratio of Holocene 230 Th accumulation rate to rate of 230 Th production in the overlying water for the sites located in Fig. 3a (from data of Kienast et al. (2007) and McGee et al. (2007) ). As local topography can potentially affect the values (e.g., accumulation rates distorted by winnowing over hills, currents enhanced around seamounts and preferential deposition in valleys), sites next to seamounts and other topographic features were identified as described by Mitchell and Huthnance (2013) . These sites are marked by white outlines in Fig. 3a and as small open circles in Fig. 2a . The remaining data are considered more reliable, though subject to large uncertainties-the error bars (left side of Fig. 2a) were estimated from the data of McGee et al. (2007) as described in Mitchell and Huthnance (2013) . The two large open circles connected by a dashed line are average Wvalues computed over 1°latitude bands centered on 0°and 1°N. Unfortunately, the form of the graph is less clear south of the equator because of the lack of data, though focusing factors are suspected to fall towards W = 1 south of 2°S based on the few data available. The lack of 230 Th data between 0°and 3°S makes it difficult to judge the utility of any focusing effect to tectonic studies (as we show below, a resolution of the equator to within about 1°would be needed to detect hotspot movements). We suspect some elevated accumulation does occur immediately south of 0°because of diminished linear bedforms associated with the current suggested to carry the sediments to the equator (Mitchell and Huthnance 2013) . Nevertheless, the W-increase from 1°to 0°N is well constrained and a feature that we can look for in the seismic data.
Signature of sediment focusing
Note that the W-values from the East Pacific Rise are excluded because sediment accumulation is extremely varied over the rugged topography of young oceanic crust (Mitchell 1993 (Mitchell , 1995 (Mitchell , 1998b and there is the possibility of contamination by hydrothermal sources. Although data from the Panama Basin also show an equatorially centered region of high W-values (Singh et al. 2011) , it is broader than in the central Pacific, some 15-30 % of the watercolumn 230 Th are derived from outside the basin (Singh et al. 2013 ) and the basin physiography is more complex. There is also no evidence for linear bedforms of the type found to be widespread in the central Pacific (Mitchell and Huthnance 2013) , so the benthic current regime is likely to be different. Figure 2b shows linear sedimentation rates (LSR) computed from the high-resolution timescale of Shackleton et al. (1995) for the ODP Leg 138 sites at 110°W. These sites are located on seafloor that is much shallower than the carbonate compensation depth of 4,700 m (Pälike et al. 2012 ) so their deposits have experienced more moderate carbonate dissolution than those farther west. The bathymetry is also subdued along 110°W (Fig. 3) . Although the broad pattern is similar to that found in sediment traps (Fig. 2c; Dymond and Lyle 1994; Honjo et al. 1995 Honjo et al. , 2008 , the abrupt increase from 1°N to the equator is different and similar in magnitude to that of the W-values. The ratio of LSR at Site 849 to LSR at Site 850 for the period 0-100 ka is 1.7 and for other 100-ky intervals varies from 1.2 to 1.7. The LSR variation between sites over the sediment age intervals over which 230 Th measurements were made is similar to their variation in Wvalues (McGee et al. 2007 ), suggesting the W-values represent bulk sediment in this case. Therefore, where it was well-developed and the deposits not greatly distorted by dissolution, we anticipate equatorial focusing to have led to sharply enhanced deposition on the equator, extending somewhat south of the equator, with sedimentation rates and accumulation rates increasing by a factor of 1.2-1.7 compared with values 1°N. Equatorial rates may have been enhanced further if higher focusing factors that have been found (Marcantonio et al. 2001 ) also occurred in earlier times.
Paleolatitude ''backtracking'' calculations
Assessing evidence for past occurrences of the equatorial effect requires estimates of the paleoequator location on the Pacific plate or, equivalently, the amount of latitude drift of the Pacific plate since deposition. All the various approaches to plate reconstruction are problematic. One method assumes that the hotspots have been fixed and therefore plate kinematic models based on the progression of dates along volcanic island-seamount chains can be used. However, the Hawaiian hotspot dominates earlier models of the Pacific plate motion and paleomagnetic inclination measurements on recovered cores suggest that the hotspot drifted 15°southwards from the Late Cretaceous to the Paleogene (Doubrovine and Tarduno 2004) . Although latitude movements of the Hawaiian hotspot after this time are unresolved (Sager 2007) , more modest movements within the precision of the paleomagnetic method (typically 2°-3°) are possible.
If paleolatitude were calculated using polar wander path (APWP) models based primarily on paleomagnetic measurements, even the most recent of these (Beaman et al. 2007 ) has coarse resolution of 10 s of millions of years between poles and the uncertainty ellipses of the poles can be several degrees across, implying several degrees of paleolatitude uncertainty. For the 30 and 39 Ma poles of Sager and Pringle (1988) and Beaman et al. (2007) , which we use below, the 95 % confidence intervals imply a latitude uncertainty of 2°or more. Nevertheless, these at least lack the ambiguity of hotspot models given the likely coincidence of the magnetic poles with Earth's spin axis when recorded in samples acquiring magnetism over periods longer than secular variation. We use these reconstructions relatively loosely in locating the equatorial sediment signatures given the reconstruction uncertainties.
Datasets

Seismic reflection data
Dry bulk densities of equatorial Pacific Pleistocene sediments are very strongly correlated with their carbonate contents (Mayer 1979) . Consequently, prominent seismic reflectors observed in these sediments represent sharp changes in acoustic impedance largely caused by changes in carbonate content via the effect on density (Mayer et al. 1986 ). As those changes are in turn caused by widespread changes in ocean water chemistry (Mayer et al. 1986) or particle composition related to productivity events (Bloomer and Mayer 1997), the reflectors represent global or regional climatic events. Their synchroneity allows the stratigraphy to be mapped out over wide areas. We have studied three seismic datasets collected in transects crossing the equatorial sediments.
RV Washington Venture expedition data (110°W transect)
Single channel watergun records collected on RV Washington through ODP Sites 848-853 (Fig. 3b) were interpreted by Bloomer et al. (1995) as shown in Fig. 4b . They used synthetic seismograms computed at three of the ODP Leg 138 sites to tie the reflectors to the core stratigraphy and assign ages to the strata, which are given to the right in Fig. 4b . In Fig. 4a , we show the interval thicknesses expressed as seismic two-way time. Also shown (bold dashed lines) are the estimated average paleoequator positions computed from the mean age of each interval and the 30 Ma polar wander pole of Beaman et al. (2007) . Some unnaturally straight segments in the interpretations of Bloomer et al. (1995) were probably interpolated between identifiable reflectors in the seismic data. These are highlighted with grey lines in Fig. 4a , b. The bathymetry along this line ( Fig. 4c ) varies relatively little so these sediments have probably experienced a similar level of carbonate dissolution. We study only intervals later than 10 Ma because of discrepancies in basement age in the various tectonic models of this area (Herron 1972; Mitchell 1998a ).
RV Revelle AMAT03RR and RV Ewing EW9709 expedition data Seismic reflection data were collected on RV Revelle during a site-survey cruise for IODP expeditions 320 and 321. Along with the core samples and logs of those drilling expeditions Pälike et al. 2008 Pälike et al. , 2010 , an extensive dataset on the stratigraphy of the equatorial region now exists (Fig. 3b ). Using these data, Tominaga et al. (2011) have shown how the style of deposition varies at the fine scale of the valleys between abyssal hills, tending towards draping the underlying basement topography in the east and ponding between hills to the west where the sediments are carbonate-poor. Dubois and Mitchell (2012) have carried out a larger-scale study of the stratigraphy and identified a westerly part of the area surveyed with RV Revelle where the pre-16.5 Ma sediment interval is anomalously thick across a broad area under the paleoequator, a possible result of sediment focusing.
The acquisition and processing of the seismic reflection data have been described earlier (Dubois and Mitchell 2012; Tominaga et al. 2011 ) so only a brief outline is given here. The multichannel seismic data were acquired in transit at *10 knots with a 4-channel streamer and (for the most part) two airguns along lines 1-5 shown in Fig. 3b . Small grid-surveys were carried out at the drill sites with a 48-channel streamer. The reflectors in these data have been tied to stratigraphy at IODP Sites U1337 and U1338 using vertical seismic profile experiments carried out under the direction of A. Malinverno on the drill ship JOIDES Resolution . Reflectors were correlated with abrupt changes in carbonate content at IODP, DSDP and ODP drill sites intersected by the seismic data (Dubois and Mitchell 2012) . We use the reflector nomenclature of Mayer et al. (1985) , who assigned them color names, with stratigraphic dates updated by Mitchell et al. (2003) . These seismic data have extreme aspect ratio so we do not present them here, but Tominaga et al. (2011) showed a major segment of them and Dubois and Mitchell (2012, their electronic supplement) included a correlation panel of seismic data collected over each drill site. Readers interested in the details of the seismic data can download them from the University of Texas website (http://www.ig. utexas.edu/sdc/cruise.php?cruiseIn=amat03rr).
The interpreted stratigraphy (Dubois and Mitchell 2012) comprises two-way time to reflectors for a given latitude and longitude along each line (Fig. 5) . These data are highly varied and suffer from varied sampling along-track so spatial filtering is problematic. The bold lines in Fig. 5 show the result of filtering the reflector times with a 1-degree boxcar filter. Even when these filtered travel times between reflectors were differenced, we found this left noisy interval Fig. 4 Interpreted seismic reflection transect along the 110°W meridian. a Seismic two-way time intervals between reflections interpreted by Bloomer et al. (1995) . Dashed lines are successive paleoequator position calculated from poles of Beaman et al. (2007) . Lines are shown grey where data are interpolated. Stars marked ''A'' and ''B'' locate sedimentary anomalies discussed in the text. b Interpreted seismic reflectors of Bloomer et al. (1995) with reflections that were used to compute intervals in a shown bold. Numbers to right are ages of corresponding stratal surfaces. c Depth along the RV Washington track during the Ventura expedition with ODP site numbers (sediment thickness) data, so instead we have used a twostage procedure. The data were first averaged within 0.1°b ins (a step that reduces effects of varied sample density). Those averaged data were then filtered with a 2°-wide cosine-weighted filter (Wessel and Smith 1991) . The results are shown in Fig. 6 along with interval thicknesses for the Ewing data reported previously (Knappenberger 2000; Mitchell and Lyle 2005; Mitchell et al. 2003) . A simple 1°b
oxcar filter was applied to the latter, a wider filter than used in Mitchell and Lyle (2005) , in order to attenuate the shortdistance fluctuations they described. The original Ewing seismic data were shown in Mitchell et al. (2003) .
Dashed lines on the stratigraphic thickness graphs (Fig. 6) show estimates of the average paleoequator location for each interval calculated using the 39 Ma pole of the APWP of Sager and Pringle (1988) interpolated linearly to the mean time of the interval. The paleoequator latitude varies somewhat with longitude, so this is provided only for general reference.
To the right of the stratigraphic interval graphs in Fig. 6 are shown the mean carbonate percentage of each stratigraphic interval. These were calculated as simple arithmetic means of the data available for each IODP, ODP and DSDP drill site (identified in the graph for Fig. 6a and with seafloor depths (m) for each site shown in the carbonate graph in Fig. 6b ). The latitude of each drill site is marked by grey bars in the left graphs of Fig. 6 (the bar for Site 574 is shown between lines 5 and M1 as this site was not intersected by the seismic data). The patterns of carbonate contents were interpreted against the general, rather than local, thickness around the drill sites, given the variability.
The seismic intervals should also be interpreted along with the regional bathymetry for the seismic lines shown in Fig. 7 . These data have also been smoothed with a 1°c osine-tapered filter. Although increasing depth along a line may imply progressive carbonate dissolution, the different depths between the M1 and M2 lines have been found not to be associated with commensurate changes in sediment mass expected of depth-varying dissolution (Mitchell et al. 2003) . The carbonate compensation depth is also expected to shallow with latitude (Lyle 2003) . Depth by itself is therefore not a reliable indicator of carbonate loss by dissolution, rather we have looked for large depth changes as possibly associated with dissolution.
Accumulation rates of dust particles Hovan (1995) reported accumulation rates of terrigenous particles carried by winds to the equatorial Pacific. These rates were computed by combining mass concentrations of dust from ODP expedition 138 cores with the high-resolution stratigraphy developed for those sites (Shackleton et al. 1995) . Particles analyzed comprise illite, smectite, plagioclase and quartz and were all\30 lm. In Fig. 8a , the mean accumulation rates computed in 1 million year intervals are shown versus modern latitude. Site 852 lies close to the inter-tropical convergence zone (ITCZ), thus there is anticipated to be a gradient in dust accumulation rates to Site 848. An anomaly representing how the rates from ODP Site 849 deviate from a value interpolated between the Sites 848 and 852 values was computed and is shown by the fine continuous line in Fig. 8b . The heavy (Mayer et al. 1985) green (G), magenta (M) and brown (B). SF is the sea floor reflector continuous line is the cosine-tapered 1 m.y.-wide running average (Wessel and Smith 1991) of those anomalies. Also shown in Fig. 8b (dotted line) is the LSR record of Site 849 (Shackleton et al. 1995) .
Geochemical proxies of pelagic export production Al, Ba and P have all been used as slightly different measures of pelagic export flux from the upper ocean as outlined by Murray et al. (2000a, b) . To overcome varied concentration caused by varied extents of carbonate dissolution, they took the ratio of these elements to Ti. The upper graphs in Fig. 1 show the means and standard deviations of these ratios for the meridional transect of cores at 140°W (Murray et al. 2000a ). Paytan et al. (1996) showed transects of Barite accumulation rates for 140°and 110°W, which are similar to the Ba/Ti ratio transect of Murray et al. (2000a) .
There is no element as far as we are aware that can be used in place of Ti, which is below measurement thresholds in these older sediments and presumably mobilized under reducing conditions, so we have derived elemental accumulation rates instead. We extracted concentration data from the scientific drilling reports. Bulk sediment concentration data for the IODP Leg 320/321 Sites U1332-U1338 and ODP Sites 1217-1220 were originally derived at sea with an inductively coupled plasma atomic emission spectrometer (ICP-AES) (Expedition 320/321 Scientists 2010; Quintin et al. 2002) . Those data from ODP Sites 848 and 850 were derived by X-ray fluorescence spectroscopy Fig. 6 South to north transects of sediment thickness intervals interpreted from transit seismic reflection data of RVs Revelle (numbered 1-5) and Ewing (M1 and M2) located in Fig. 3b . Data have been filtered as explained in the text and are shown as seismic two-way travel time in milliseconds. Stars with letters locate anomalies discussed in the text. Vertical dashed lines are rough estimates of the paleoequator calculated using the rotation poles of Sager and Pringle (1988) . Right panels show the average carbonate content (%) for each stratigraphic interval sampled by drilling (site latitudes are shown by the grey bars in the left panels). Their water depths (m) are shown in the right panel in b. Reflector dates are from Mitchell et al. (2003) and correspond with the bio-stratigraphic levels of Mayer et al. (1985) 
and loss-on-ignition (Mayer et al. 1992) . The data from Sites U1332-U1338 and 1217-1220 were multiplied by the bulk mass accumulation rates from Pälike et al. (2012) for the same core intervals analyzed geochemically. Those data for Sites 849 and 851 were multiplied by the associated core dry bulk densities (Mayer et al. 1992 ) and sedimentation rates of Shackleton et al. (1995) . The results of this calculation are shown in Fig. 1 as mass accumulation rate (MAR) meridional profiles in 5 m.y. intervals (shown on the upper-right of each graph). The open circles in each graph are 1°averages. Red diamond symbols in Fig. 1c are estimates of the center of each dataset obtained by fitting a Gaussian function (Mitchell 1998a) to the data 1°averages. Similarly, blue diamond symbols show the centers of mass of the data 1°averages after interpolating (these coincide with the Gaussian-function centers for 10-20 Ma). Some uncertainty can be expected to arise from combining three measurements (concentration, density and age intervals) into mass accumulation rates, partly explaining why the variability appears larger than in the element ratio graphs in Fig. 1 . Variability is partly suppressed by the 1°a veraging. However, biases are more of concern. Diagenesis can be expected to affect the sediment, particularly for the labile P. Filippelli and Delaney (1996) suggested that most P released by diagenesis in a studied 53 m.y. sediment record has been taken up in situ by the authigenic mineral carbonate fluorapatite, implying movement of P may be limited if precipitation is rapid relative to compaction-driven expulsion of pore-fluids. Olivarez Lyle and Lyle (2005) reported temporal variations in terrigenouscorrected Ba (''bio-Ba'') that correlate between sites from Eocene age equatorial sediments, lending some confidence in Ba also. However, Faul and Paytan (2005) reported a 25 % difference between the shipboard and their later laboratory measurements of P and Ba, citing probable calibration errors in the shipboard measurements. Furthermore, the accumulation rates of all three elements are small for Site U1338 in Fig. 1 relative to those for U1337 in the 0-5 Ma interval. The elemental ratios at the top of Fig. 1 suggest the U1338 rates should be much larger than those of U1337. The barite accumulation rates of Paytan et al. (1996) are about 10-20 % higher at the latitude of (Wessel and Smith 1991) . Dotted line shows the LSR at Site 849 (Shackleton et al. 1995) U1338 compared with at the latitude of U1337, whereas the 0-5 Ma average P mass accumulation rate for U1337 in Fig. 1c is 7 .7 times that of U1338. The multibeam sonar data collected over these sites ) reveal that U1338 was located over a hill, whereas U1337 was located in a depression. The accumulation rate difference is almost certainly due to preferential deposition in valleys relative to hills. We therefore do not use the graphs in Fig. 1 to locate the paleoequator exactly, rather we attempt to interpret changes in shape and position of the enhanced accumulation region in terms of passage of the paleoequator. However, even such an approach is not without uncertainty as the tendency towards basin filling can vary with age and between areas (Laguros and Shipley 1989; Tominaga et al. 2011) .
Observations
RV Washington Venture data
The Venture seismic data were poor and this may explain the general lack of obvious equatorial signatures in Fig. 4a . Two possible equatorial signatures are indicated by star symbols in Fig. 4a (labeled ''A'' and ''B''). Both have modestly elevated thicknesses lying immediately south of a major basement feature, so possible contributions to this thickening from gravity-driven sediment transport cannot be ruled out unfortunately. The time intervals shown here are sufficiently short that plate-tectonic drift should have had relatively little effect in spreading the equatorial signature so the lack of signatures is surprising if focusing were well developed in these time intervals.
RV Revelle AMAT03RR and RV Ewing EW9709 data In the youngest interval (Fig. 6a) , the only feature that might be interpreted as an equatorial signature lies along line 2 (''C''). In Fig. 6b , possible candidates for equatorial signatures are marked in lines M2 (''D'') and 2 (''E''). In those cases, the sediment thickness roughly halves within 2°of the center of each anomaly. In line 1, a southwards thickening might also be attributable to an equatorial effect.
In Fig. 6c , two possible equatorial signatures are marked on lines M1 and M2 (''F'' and ''G'', respectively). In Fig. 6d , two candidates for equatorial signatures appear in lines M2 and M1 (''H'' and ''I'', respectively). Going northward over these anomalies, line M1 deepens whereas M2 shallows somewhat (Fig. 7) , implying a neutral dissolution effect overall. The bathymetry deepens abruptly north of *4.8°N, so the thinning of this interval north of there could be due to dissolution in both lines. Southwardsthickening trends in lines 5 and 3 may also represent the edges of equatorial signatures (''J'' and ''K'', respectively). Figure 6e shows no clear equatorial signature despite five crossings of the paleoequator. In Fig. 6f , minor peaks occur in lines M1 and M2 near the reconstructed paleoequator but are difficult to ascribe to equatorial effects.
Carbonate compositions can help assess the extent of dissolution potentially distorting the seismic records, though they need to be interpreted carefully as the noncarbonate contents of the sediments are not conservative (silica can also dissolve) and varied carbonate content may reflect dilution by other components, such as diatoms (Theyer et al. 1989 ). Nevertheless, broad trends can be observed in these graphs that are compatible with those noted earlier (Berger 1973; van Andel et al. 1975 ). For example, carbonate percents tend to decline going away from the equator as the CCD shallows, abruptly dropping to zero in some intervals at Site U1336 north of the Clipperton Fracture Zone.
Sites 574 and U1337 lie at similar latitudes and similar depths (U1335 is 98 m shallower than 574) but, in all the intervals from Purple to Seafloor, U1337 curiously contains less carbonate. This carbonate difference is [10 % for Seafloor-Green and Brown-Purple. Where the Red-Lavender interval appears diminished in lines 3-5 (i.e., lacking an equatorial effect), carbonate contents are still above 70 % so it seems difficult to ascribe the lack of equatorial effect to dissolution.
Eolian accumulation rates Hovan (1995) interpreted the peak accumulation rates of eolian particles at 5°-7°N in the ODP Leg 138 cores as marking the location of the ITCZ where enhanced precipitation increases input of dust to the ocean. However, the secondary peak at Site 849 for the interval 6-8 Ma was unexplained. Furthermore, carbonate particle fluxes recorded in sediment trap datasets are only modestly elevated at the equator compared with 2°-5°off-equator (Honjo et al. 2008 ) so the elevated values are not obviously caused by a particle flux effect either. Separately, McGee et al. (2007) and Anderson et al. (2006) examined the latitudinal distribution of eolian input at 110°and 140°W, respectively. They have shown that Holocene and last glacial maximum (LGM) accumulation rates of 232 Th (which is carried primarily by eolian material) increase smoothly towards the ITCZ if the data are normalized for redistribution using the 230 Th profiling technique. Thus, the equatorial anomalies in the Hovan (1995) Th accumulation with latitude (Anderson et al. 2006; McGee et al. 2007 ) vary from convex-up to concave-up, with a linear profile being roughly their average. A value above zero in Fig. 8b is therefore not necessarily indicative by itself of equatorial focusing. Nevertheless, the extreme peaks are difficult to explain by other factors and seem probable candidates for equatorial focusing. We suggest the periods 2.7-3.2 and 5.1-7.3 Ma of generally elevated values in Fig. 8b are candidates for equatorial focusing, with the latter period the most likely.
Geochemical proxies of pelagic export production
The graphs in Fig. 1 for 0-10 Ma are difficult to interpret because of the accumulation rate excess of U1337 over U1338, whereas those for 25-40 Ma are difficult to interpret because of the limited latitude extent and small values. We concentrate here on the intervening intervals. For Al 2 O 3 , there are elevated rates for 10-20 Ma centered *5°N but less so for 20-25 Ma. For Ba, a region of elevated rates is present for 10-25 Ma. For P 2 O 5 , a region of elevated values centered *5°N occurs for 10-25 Ma. Considering the inter-site biases mentioned earlier, if the paleoequator changed between the periods shown in Fig. 1 and the effect of equatorial productivity and focusing were constant, a change in shape of the graphs can be expected, as different sites became closer to or farther from the peak accumulation of the equator. Although some unknown compensating factor cannot be ruled out, the data suggest that the period 10-25 Ma was associated with only modest movement (\2°?) of the Pacific tectonic plate relative to the geographic equator.
In Fig. 9 , Ba and P 2 O 5 accumulation rates were selected for the age ranges shown so that they can be compared with the seismic intervals. Given the different locations of the seismic thickness anomalies between Fig. 9a, b , an equatorial effect might be expected to be reflected in increasing accumulation rates at U1337 and U1335 relative to those at U1338 going from 8.55-10.05 to 10.05-14.25 Ma, but none is obvious from these data, we suspect because of changing inter-site biases.
Discussion
The dates of the above features can be compared with paleoceanographic changes, but we address plate tectonic drift below first because bringing the observations together in a consistent paleogeographic framework helps in further evaluating which of the sediment anomalies could be genuine equatorial signatures. From the observations above, sediment anomalies ''F'', ''G'', ''H'', and ''I'' are considered to be more reliable indications of equatorial Fig. 9 Comparison of seismic thickness with geochemical proxies of export production for a 8.55-10.05 Ma and b 10.05-14.25 Ma. In both a and b, the seismic thicknesses are from profiles M1 and M2 (Fig. 8) . Geochemical data (as Fig. 1 signatures than the others around 10 Ma. These have large amplitudes and pairs occur at similar latitudes on the two Ewing lines. According to Lyle (2003) , dissolution removing carbonate at a uniform rate should lead to a reduced latitude extent of carbonate mass accumulation. This should lead to a more peaked equatorial anomaly in the seismic intervals. The blue line in Fig. 10b shows the carbonate compensation depth (CCD) of Pälike et al. (2012) . The rise in CCD around 10 Ma coincides with a change to less well-developed Fig. 10 a Paleolatitude evolution of a site presently at 5°N, 145°W calculated from (solid line) the apparent polar wander path of Beaman et al. (2007) , (long-dashed line) the Pacific plate relative to hotspots model of Wessel et al. (2006) and (short-dashed line) the Pacific plate relative to hotspots (''WK08-G'') model of Wessel and Kroenke (2008) . Error bar to right shows the 2r uncertainty of the 30 Ma pole of Beaman et al. (2007) . b The paleolatitude of the equatorial anomalies identified in the seismic (Figs. 4, 6 ) and drilling data calculated using the Beaman et al. (2007) poles. Error bar to right shows the 2r uncertainty of the 30 Ma pole of Beaman et al. (2007) . Where an age range was identified (horizontal lines representing the seismic intervals), the paleolatitude was computed for the central age. Horizontal dotted lines (''J'', ''K'') are two poorly formed focusing signatures. Two oblique bold lines marked ''849'' are periods of enhanced dust accumulation at ODP Site 849 interpreted from Fig. 8b . Fine oblique line is the path of Site 850. Dot-dashed line connects the three estimates of the center of the P 2 O 5 geochemical anomaly at 12.5, 17.5 and 22.5 Ma based on the Gaussian fits to the data in Fig. 1c . Vertical dashed line marks a major change in seafloor spreading rates in ridges surrounding the Pacific plate and occurring globally at 5 Ma (Krijgsman et al. 1999) . Also shown is the sortable silt (SS) fraction from ODP Site 1123 (solid line with SS scale) interpreted as showing the effect of strengthening of deep Pacific inflow during the mid-Miocene transition (Hall et al. 2003 ) and the central Pacific CCD variation (light blue line and scale to right, from Pälike et al. (2012) ). c Similar to b but with paleolatitudes computed using the Pacific plate-hotspots model of Wessel et al. (2006) and assuming fixed hotspots. Circled cross-symbols are average paleolatitudes of anomalies ''F'' and ''G'' and ''H'' and ''I'', thus the orange line connecting those points is our preferred paleoequator path in this reference frame Mar Geophys Res (2014) 35:1-20 13 equatorial signatures (Fig. 6c, d) , not sharper signatures. Furthermore, the 16-18 Ma interval of abruptly shallow CCD covers half the 16.35-20.1 Ma interval but the character of the seismic thickness (lacking equatorial signature) is the same as that for 14.25-16.35 Ma (Fig. 6e, f) . Whereas the carbonate contents shown in Fig. 6 do suggest substantial carbonate loss in these sediments, particularly after 10.05 Ma, dissolution does not appear to be the cause of these equatorial anomalies. We therefore prefer a physical explanation for these features, in terms of bottom currents actively carrying particles to the equator and depositing them there by the equatorial focusing mechanisms described earlier (Marcantonio et al. 2001; Mitchell and Huthnance 2013) . These equatorial anomalies (Fig. 6) are of similar magnitude to the 230 Thbased focusing factors in Fig. 2 , with peak sediment thicknesses in some instances greater by a factor of two relative to those 1°away from the peak. A precise assessment would require adjustments for compaction, but porosities typically vary by 5-10 % over the intervals studied here (insufficient to have a major effect) and the anomalies of the Ewing data expressed in mass per unit seafloor area are similar to the equatorial 230 Th focusing factors . Furthermore, the lack of evidence for a latitude shift in the geochemical data (Fig. 9) between the 8.55-10.05 and 10.05-14.25 Ma intervals (Fig. 9) could be interpreted as poor resolution due to the broad extent of the productivity region (Fig. 2c) whereas a latitude change of a feature of only 2°-3°across produced by focusing should be more obvious. We suggest therefore that the transition at around 14 Ma marks a change from quiescent conditions to conditions involving sediment transport to the equator.
Nevertheless, with only a few examples available, the statistical significance of these results cannot be assessed formally. Furthermore, given that sediment drift deposits are produced in many other areas where current speed declines, we cannot rule out other (non-equatorial) origins for these seismic anomalies entirely. Rather we wish to point out the potential implications of an equatorial origin, which may need to be verified later once further data become available.
Northward movement of the Pacific plate
We reconstructed latitudes at the time of deposition of the identified sediment anomalies using the 30 Ma pole of the APWP of Beaman et al. (2007) , which was derived from paleomagnetic data from seamounts, basalt samples and sediment cores. Latitudes were reconstructed by applying the rotation required to return the APWP to the North Pole using software of P. Wessel (http://gmt.soest.hawaii.edu) for dates corresponding to the center of each age range of the seismic interval (Table 1) and for the age range of anomalous dust accumulation at Site 849. For the P 2 O 5 accumulation centers estimated using Gaussian curve fits (Fig. 1c) , we used the central age of each interval.
The results are shown in Fig. 10b , with data annotated ''A''-''K'' as in Figs. 4 and 6 . The horizontal bars represent the age ranges of the seismic intervals. The uncertainty bar (right of graph) represents the 2r minor axis of the error ellipse of the 30 Ma APWP pole used. Sediment anomalies ''F'', ''G'', ''H'', and ''I'' lie south of the paleoequator predicted using the Beaman et al. (2007) poles. The geochemical data (P 2 O 5 center) appear as the dot-dashed line crossing the graph with a high gradient. This gradient reflects the apparent stasis of the 10-25 Ma geochemical paleoequator, which is at odds with the progressive movement in this APWP (Fig. 10a) .
The more recent estimates of Pacific plate motion relative to the hotspots were also used to predict paleolatitudes. Wessel et al. (2006) have developed a kinematic model that incorporates both age and seamount chain orientation data to produce a smoothed estimate of plate motion relative to the hotspots. That model, used to calculate the paleolatitude evolution in Fig. 10a (long-dashed line) for a site presently at 5°N, 145°W, suggests a paleoequator north of the Beaman et al. (2007) paleoequator by about 1°at 9 Ma and south of their paleoequator by [1°at 23 Ma, with a slower motion between these dates. Wessel and Kroenke (2007) argued that the change in motion after 9 Ma, though subdued by the inversion method used to calculate the poles, coincided with a major change in global seafloor spreading rates at magnetic Chron 3A or 5.9 Ma (Krijgsman et al. 1999) . They noted that it also coincided with a major re-organization in the spreading ridges involving ridge propagations, microplates forming and transform valleys developing extensional features, a consequence of large transform faults affected by the change in spreading direction resolved by the plate kinematic model. The 5.9 Ma date is marked by a vertical dashed line in Fig. 10b . A further model reported by Wessel and Kroenke (2008) (''WK08-G'') involved a reduced weighting of seamount ages so that the geometries of the seamount chains were more important. The latitude evolution predicted by that model shown by the dotted line differs in only minor detail after 30 Ma.
Paleolatitudes of the sediment anomalies were computed using the Wessel et al. (2006) rotation poles and are shown in Fig. 10c . In this plot, sediment anomalies ''F'', ''G'', ''H'' and ''I'' lie south of the paleoequator predicted by the plate model. The plate model includes five poles from 0 to 12.29 Ma so this mismatch is not an effect of poor temporal resolution. If significant, the mismatches suggest either a modest latitude error in the plate model or a modest latitude change in the Pacific hotspots. The mean latitude differences shown by circled cross-symbols in Fig. 10c are 1.9°at 9.3 Ma and 0.9°at 12.15 Ma. The confidence ellipses of Wessel et al. (2006, their Figure 9 ) suggest the 95 % interval of their reconstructions extends about ±1°n orth-south. Although the centers of sedimentary anomalies ''F'' to ''I'' can be determined to \1° (Fig. 6) , the significance of the mismatch ultimately depends on how well the rise in thickness in the north side of the seismic anomalies mimics that of the 230 Th anomalies in Fig. 2 and whether it has an equatorial origin. The rise in ''G'' from 3°t o 2°N is similar to that of the 230 Th anomalies over 1°-0°N, so we would place the paleoequator at the peak (2°N). If correct, the Pacific hotspots have moved north by a degree or so from 12 to 9 Ma and then reversed this movement towards the present day. (Nevertheless, readers may wish to judge this claim along with our other comments regarding uncertainties above.)
Examining the paleolatitude predictions (Fig. 10a) of the hotspots models (Wessel et al. 2006; Wessel and Kroenke 2008) , the model change in direction occurred at 8.3 Ma, some 2.4 Ma before the ridge spreading change (Krijgsman et al. 1999) . It is also 2-3 Ma before the change in the sense of subduction beneath the Solomon Islands suggested to have been caused by collision of the Ontong Java Plateau with the North Solomon trench (Mann and Taira 2004; Schuth et al. 2009 ), another possible cause of Pacific plate motion change. The sedimentary anomalies may therefore be genuinely equatorial and compatible with the plate models, if the bends in the Hawaiian and other chains at around 8.3 Ma were caused by hotspot movement, given that the tectonic events followed later.
The other sediment anomalies were re-examined in the light of the above comments, seeking a consistent interpretation that might also be compatible with the plate model of Wessel et al. (2006) and our favored paleoequator path following the orange line shown in Fig. 10c . Sediment anomaly ''D'' is curiously at the same presentday latitude as ''F'' and ''G'' in Fig. 6 . The favored paleoequator evolution however passes adjacent to this feature, which could therefore be explained if sediments accumulated late in the interval 8. 55-5.9 Ma. This may also explain why ''D'' is poorly developed. ''E'' is also suspect given the thickening towards the south in line 1 of Fig. 6b . The possible evidence of equatorial focusing from the Site 849 eolian particles might seem suspect if paleolatitudes predicted by either of the two plate models were used (reaching 2°S according to the W2006 model at 8 Ma). However, according to our favored paleoequator path, Site 849 would have lain within only 1°of the paleoequator throughout the period of anomalous dust deposition. Furthermore, prior to 7 Ma, larger accumulation rates generally occurred at ODP Site 850 than at Site 849 as shown in Fig. 11 derived from data of Farrell et al. (1995) . This would favor a paleoequator track slightly north of the orange line in Fig. 10c by about 0.5°or so at 7 Ma if accumulation rates peaked exactly at the equator.
For the earlier periods, we have only considered the P 2 O 5 accumulation rates. Given the problems with the geochemical accumulation rate data, latitude uncertainties are difficult to assign. Nevertheless, the reconstructed location of the center of accumulation shown by the dotdashed line in Fig. 1c (Fig. 1b) and with no major change in hotpot latitudes over 10-25 Ma.
In Fig. 12b , the anomaly occurrences are arranged by age and modern longitude to see if there is any association with physiography. The bathymetry in Fig. 12a along with the seafloor spreading isochrons derived from Müller et al. (2008) (white dashed lines) provide context. Figure 12b shows no obvious geographic organisation of equatorial signatures, although the best-formed examples occur at 140°W.
Equatorial Pacific paleoceanography
A change in width of the region of high equatorial accumulation rates has been known for some time. For example, Van Andel et al. (1975) suggested that it narrowed in about the Upper Oligocene, or around 25 Ma. A more recent evaluation using subsequent drilling results ) suggests a change between 24 and 28 Ma. This appears to be mimicked in the geochemical data in Fig. 1 . However, these 24-28 Ma dates are earlier than the change from a lack of equatorial signature prior to 14.25 Ma (Fig. 6e, f) to well-formed equatorial signature after 14.25 Ma (''H'' and ''I'' in Fig. 6d ) observed in the Ewing seismic data. Anomalies ''F'', ''G'', ''H'' and ''I'' also span much smaller extents in latitude than those characterized by Van Andel et al. (1975) . According to Lyle (2003) , the width of carbonate accumulation narrowed from *12°of latitude at 14 Ma to *6°at 10 Ma but these extents are much larger than anomalies ''F'' to ''I''. A somewhat more peaked equatorial signature can be observed in the Ba and P 2 O 5 accumulation rates for 10-15 Ma compared with the rates for 15-20 Ma (Fig. 1) . A 14.25 Ma transition would correspond approximately with the mid-Miocene transition observed in sortable silt data from ODP Site 1123 in the southwest Pacific (Hall et al. 2003) . The increasing grain size in these data, reproduced in Fig. 10b (note inverted scale) , has been interpreted as arising from the intensifying deep western boundary current east of New Zealand associated with the development of the East Antarctic Ice Sheet and increasing deep water production (Hall et al. 2003) . This current presently supplies much of the Pacific Ocean deep water from Antarctica and has been traced geochemically to where it crosses into the central Pacific north of the Samoan Passage (van de Flierdt et al. 2004 ). The incidence of reworked microfossils in deep-sea cores generally increases over this period (Thiede 1981) . The abundance of deep-sea hiatuses also rises from 19 to 12 Ma Moore et al. 1978) .
The MANOP-C equatorial long-term current meter data show a current varying in magnitude and direction over periods of 1-4 weeks or longer (Marcantonio et al. 2001) , though with a mean (residual) current in line with orientations of furrows on the modern seabed (Mitchell and Huthnance 2013 ). The peak current, which is likely to be more responsible for particle transport to the equator, is about an order of magnitude larger than the mean current. The process by which equatorial focusing developed at *14 Ma may therefore be more complex than implied by the change in mean circulation (Hall et al. 2003) . Factors causing the current temporal variations may also have played an important role. As those variations reflect varying wind stresses and other influences on the ocean besides buoyancy (Huybers and Wunsch 2010) , the transition could have a meteorological origin associated with the changing climate, rather than an origin in terms of the changing ocean mean flow.
Although there is evidence in the modern seabed for sediment movements (Mitchell and Huthnance 2013) and movements have been interpreted from the 230 Th data (Marcantonio et al. 2001) , vigorous equatorial signatures after the Brown-Purple seismic interval (after 8.55 Ma) are unclear in the seismic data, as the anomalies are not consistently developed. This is despite geophysical evidence for erosion in seabed data around the Clipperton Fracture zone (Johnson 1972 ) and farther south , and chirp sediment profiler data collected on AMAT03 cruise showing seabed truncations of reflectors. Geochemical Fig. 12 Müller et al. (2008) . Red circles are the equatorial anomalies of Table 1 . b East-west distribution of equatorial anomalies with age of deposit (symbols as Fig. 10) evidence (Mangini et al. 1982 ) and reworked radiolaria ) suggest sediment movements north of the equatorial sediment deposits occurred in the Quaternary. Laguros and Shipley (1989) found a greater tendency for sediments to fill basins rather than drape at the time of the Green-Brown interval (4.2-8.55 Ma) around DSDP Site 574. During the period 0-8.55 Ma, the equatorial signature is perhaps partly obscured in the seismic data by the more rapid paleolatitude evolution that we propose. Alternatively, carbonate dissolution associated with the shallower CCD over this period (Fig. 10b) distorted the equatorial deposits in ways that are presently unclear in the central Pacific. The study of seismic interval and depth differences between the two Ewing lines in Mitchell et al. (2003) revealed that the expected effect of carbonate dissolution increasing with depth was absent over this interval, so dissolution may not necessarily follow such simple trends.
The possibility of particle movements before deposition has implications for studies involving measuring fluxes of pelagic components to the seabed, hence there is a desire to correct for these effects before inferring oceanographic signals (Francois et al. 2004) . For example, the CCD evolution was estimated by Pälike et al. (2012) by regressing the drill site carbonate MAR on paleodepth within 250-ky intervals and solving for the intercept at zero MAR. Including data affected by equatorial focusing will have biased MARs positively by the focusing factor W, while MAR in areas where accumulation has been reduced by currents will have been biased negatively. This, and other issues such as the tendency towards basin-filling in some intervals and paleodepth uncertainties partly explain why the data provided by Pälike et al. (2012) show only modest correlation of carbonate MAR with paleodepth within narrow age bands and may explain the fluctuations in apparent CCD in their post-10 Ma data.
Unfortunately, geochemical tools such as 230 Th and 3 He are not available for older sediments but we suggest an evaluation such as here, based on more extensive seismic reflection data, could help reduce uncertainties in these types of analyses. Future researchers in this area may wish to consider collecting seismic reflection data across the equatorial sediment bulge with slower vessel speeds to ensure higher quality data. More generally, this study illustrates that site-survey geophysical data can sometimes form an important component of studies based on the scientific drilling data rather than merely supporting the safety and feasibility aspects of the drilling.
Conclusions
Candidates for equatorial focusing exist in the seismic reflection data for the period 8.55-14.25 Ma (mostly around longitude 140°W), but are lacking for the period 14.25-20.1 Ma. Other origins or distortion by carbonate dissolution cannot be ruled out entirely, so they are not unequivocal evidence of the paleoequator. Nevertheless, the transition between these periods coincides with the mid-Miocene transition in which, according to sortable silt data from Chatham Rise, the western boundary current supplying the Pacific Ocean with deep water developed. Greater focusing may have therefore occurred as the mean flow strengthened. Alternatively, coincident changes in meteorological conditions affecting deep ocean currents may also have played a role as particle erosion and transport probably occurs mostly during periods of peak flow associated with oscillating currents. The evidence for equatorial focusing is more ambiguous outside of 8.55-14.25 Ma, but is not ruled out by these data. Indeed, it is suspected to have occurred after 8.55 Ma given other geophysical evidence for seabed erosion away from the equator and geochemical evidence of equatorial focusing in the Holocene and Quaternary, as well as our observations based on enhanced dust accumulations at ODP Site 849. Evidence of focusing in the earlier periods is more difficult to interpret with the data available.
The equatorial anomalies mostly lie within a degree of the equator predicted by recent kinematic models for the Pacific tectonic plate (Beaman et al. 2007; Wessel et al. 2006; Wessel and Kroenke 2008) . However, anomalies ''F'' and ''G''(8.55-10 .05 Ma) lie 1.9°south of the equator predicted with the Pacific plate-hotspots model of Wessel et al. (2006) . This discrepancy is not formally resolved if equatorial focusing occurs over 3°of latitude and is centered south of the equator (Fig. 2a) , but is resolved if the rise in the sediment anomaly on its north side is matched to the rise in the 230 Th data. Further 230 Th data are needed to characterize the latitude structure of focusing. If such work leads to more confidence that the seismic anomaly is equator-centered and caused by equatorial focusing, ''F'' and ''G'' could suggest a *1°of latitude northward movement of the hotspots prior to 9.3 Ma, which was subsequently reversed towards the present day. The bend in the Hawaiian and other hotspots at about this time (8.3 Ma in the Wessel et al. (2006) model) may then have had a mantle origin rather than an origin from change in direction of the Pacific plate as has been suggested. More extensive collection of seismic and core data in the central equatorial Pacific would help to resolve this issue.
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